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Law of Conservation of Momentum

Let A and B are any two bodies with masses m, and mp, moving to the right with velocities u, and
up respectively. Let u, be deliberately made larger than uy, then the bodies collide after some

time.
Fab Fha
—> <
U, Up A Vi
Before Collision Collision After Collision

During collision, body B will experience a force Fy, from A in the direction of its motion. So, it
will accelerate and thus the velocity changes to some new value vy such that vy, > up,

Similarly, body A will experience a retarding force Fp; from B in the opposite direction.
Therefore its velocity will decrease to a new value v,.
S Va<Ug

Before collision:
Momentum of A = m,u,
Momentum of B = myup

After collision:
Momentum of A = myVv,
Momentum of B = mpvp

Change of momentum of A = myVva - Myu,
Change of momentumof B = mpvy - Mpup

Let the time of collision of the bodies be ‘t’. During this time, the change of velocity as well as
momentum occurs.

mava - maua
t

m vy, —m,uy
t

. Rate of change of momentum of A =

. Rate of change of momentum of B =

Here, the change of momentum of A is caused by force applied by B on A i.e. Fp,

. mava B maua

t

= Fpa



Saiit 2

Chandra

Shakya Hello: 4275803
Physics Educator Email: sajitcshakya@gmail.com
Swarnim Basti, Chagal, Kathmandu Web Address: http://sajitsir.tripod.com
m,v, —myu
H bYb b“b —
Similarly, =Fa
t

According to Newton’s third law of motion, every action has an equal and opposite reaction. So,
if Fap is considered as the action force, it will receive a reaction equal and opposite to Fp,,

|e Fab =- Fba

mpvy, —myu, _ (m,v, —mu,
Or, =-
t t
Or, myv, —-mgu, =-m,v, +mu,
Or, myv, —mu, =mu, —myV,

Here, left hand side denotes the increase of momentum of B whereas right hand side denotes the
decrease of momentum of A. The equation therefore tells that for a system of two bodies the
decrease of momentum of one of them is equal to the increase of momentum of the other.

The equation further gives
myv +m,v, =m,u, +m,u,

The L.H.S. gives the total momentum of the system after collision whereas the R.H.S. gives the
total momentum of the system before collision. This equation tells that momentum of a system
of two bodies remain unchanged even after collision.

This phenomenon is called the Law of Conservation of Momentum for a system of two
bodies. This law accounts for the constant momentum of the whole universe. If one of the body
shows an increase of momentum, that occurs at the loss of momentum of others. If one body
moves faster, some other body is slowing down and vice versa.

The phenomenon helps explain several phenomena or events in nature shown by several
examples:

1. Why does a gun recoil back when a shot is fired?

Before firing:

Total initial momentum = momentum of gun + momentum of bullet
= MgUg+ MyU,
= mg(0) + my(0) =0

After firing:
Final firing momentum = momentum of gun + momentum of bullet

According to the law of conservation of momentum,
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Total initial momentum = Total firing momentum

Or, - MpVb = mgvy
m,v
Or, Vg = - —b b
m

g

This relationship tells that velocity of gun is always opposite compared to that of the bullet. It
means their displacement will be exactly opposite. Therefore, a gun recoils when a shot is fired.

2. When a body explodes into two unequal parts, the smaller piece moves with higher
velocity compared to the larger one. Why?
Before explosion,

Total initial momentum = mpu + mgus = m(0) + mg(0) =0

After explosion,
Total final momentum = myv + mgvs

According to the law of conservation of momentum,
Total initial momentum = Total final momentum

SO, m|_V|_+ msVS = O
Or, myvs =-myvL
m,v
Or, VS = '—L L

m

S

The negative sign tells that the two places move opposite to each other.
Taking positive value gives,

m;v
Vs = LYL
mS
Since, m_ >m;g
m
_L>]_
m

S

Using this condition in the above equation gives vs >v|_

Therefore, when a body explodes into two unequal parts the smaller piece moves with higher
velocity compared to the larger one.
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Collision

Collision is a phenomenon in which two or more bodies appreciably near each other to perform
a change or exchange of certain physical quantities. For example: when a body B is struck by a
body A from the behind.

For body A For body B
1. Velocity decreases. 1. Velocity increases.
2. Momentum decreases. 2. Momentum increases.
3. Gives force Fag and receive Fga. 3. Gives force Fga and receive Fag.

According to the status of energy of bodies after collision they are of two types. They are:

1. Elastic collision: It is the collision in which the overall movement of the particles does not
decrease i.e. their total kinetic energy remains constant. For example, collision of air molecules,
collision of water molecules etc. When elastic collision occurs any other energies as heat, light,
sound, electricity etc are never produced.

2. Inelastic collision: It is the collision in which average movement of a particle is lost, at least
by some amount. For example, car-crash, adhesion of mud particles onto walls, operation of
fans, explosion of gunpowder and bombs. When such collision occurs, a lot of energies of other
forms such as sound energy, heat energy, light energy etc are produced.

Fao Fia
> <
U, Up V, Vp
Before Collision Collision After Collision

Incase of elastic collision between two bodies A & B, then total kinetic energy should be equal

before and after collision. So,
1 2 2 2 1 2
EmAuA +§mBuB —EmAVA +EmBVB

However, if the collision is considered inelastic then:
lmu2+—mu2 >—mv2+lmv
2 AYA 2 B*YB 2 AYA 2 B'B

2
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Determination of velocities of bodies after elastic collision

For this, let two bodies undergoes elastic collision. Let their masses be ma and mg with their
initial velocities ua and ug (given) and their final velocities are va and vg (to be determined).

Fps Fm
> <«
@— @ & &> O
Uy Up A Vi
Before Collision Collision After Collision

Since two variables are to be determined, the derivation needs two equations. During their
collision their total momentum remains equal.

m,U, +MyUy, =M, V, +MyVy ...ccooeenen.... (i)

Since the collision is elastic their total kinetic energy is also equal.

| s 1 , 1 s 1 0 N
—m,u, +—MyUy, =—M,V, +—M;Vp .covvrerrnnnn.. (i)
g Ata THMBEE T oMYA T eV
Equation (i) gives
Mmau, =MV, =MpVy —Mply
Or, m,(u,-v,) =Mmg(Vg—Ug) cerverrrreireeeneen.... (i)

Equation (ii) gives

1mu2 1mug—lmv2 1mu2
AYA QBB QBB QBB

2
1 2 2 1 2 2
Or, EmA(uA -v,) —EmB(VB -ug’)
2 2 2 2 -
m,(u, —-v,") =mp(Vy —Up ) i (IV)

Dividing equation (iv) by equation (iii) gives

2 2 2 2
m,(u," -v,") :mB(VB -up’)
m,(u, —vy,) my(vy —Ug)
Or (uy +vy)(u,y —vy) :<VB_uB>(VB+uB)
(uA_VA) (VB_uB>
Or, u, +v, =Vy + U,

Or, u,—u, =VE = Va4 e (V)



Saiit 6

Chandra

Shakya Hello: 4275803
Physics Educator Email: sajitcshakya@gmail.com
Swarnim Basti, Chagal, Kathmandu Web Address: http://sajitsir.tripod.com

Here, the left hand term denotes the velocity at which the two bodies get near each other. So,
this difference is called the relative velocity of approach. Similarly, the right hand term denotes
the rate at which the two bodies get away from each other. This term is called the relative
velocity of separation.

Equation (v) therefore tells that in elastic collisions the relative velocity of approach and
separation are equal to each other i.e. the rate at which they get near each other is equal to the
rate at which they get away from each other.

Eqgn (v) gives
Uy —Ug + V4 =V i e, (vi)

Using this value of vg in equation (i) gives

m,u, +myu, =m,v, +mz(u, —u;+v,)
Or, m,u, +myu, =m,V,+Mmgu, —MyU, +mgV,
Or, m,u,+myuy-—myu, +myu, =m,V, +myVv,
Or, m,u, —mgu, +2myu, =(m, +my)v,

(m, -m;)u, +2m u .

o, v, =-—~ B4 BB (vii)

(m, + my)
Using this value of v in equation (vi) gives

(m,-my)u, +2m zu,

(m, + myg)
Or v _ (m, +mg)u, —(m, +my)uy +(m, —my)u, +2myuy
' B -
(m, +my)
or m,u, +muu, —MmM,Uy — Myl +M,u, —MyU, +2mylg
1 VB =
(m, +my)
2m,u, —m,u, +m_u
or, v, = ala aUg sUs
(m, +my)
2m,u, +(m, —m,)u
or, v, =—224 (mp—muup (viii)

(m, +my)

These equations (vii) and (viii) give the velocities va & Vg.

Case I: When a light body strikes a heavy body from behind,
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In this case, ma is very very less than mg i.e. ma << mg.
le. m, ~ 0 (compared to mg)

m, —my~-My, mM;—mM, *my,and m, + my *my

Now, v, = =
A (mA + mB) mB mB

Or, v,=2u;—u,

. (m, —m, )u.+2m,u MpUp + 0
Agaln, VB — B A B AYA — B“B — uB
(m, +myg) my

Or, vy =1u,

It means that the velocity of heavier body doesn’t undergo any change whereas the velocity of
lighter body changes depending on their initial velocities.

Case 11: When a heavy body strikes a light body from behind

In this case, . ma >> mg
.my = 0 (compared to ma)

"m,—my~m,, my—m,~-m,, and m,+m; ~m,

Now, v, = = U,
(m, +myg) m,
VA:VB
. (mr —m, )u+2m,u —m,uy +2m,u m, (2u, —uy)
Agaln, v]5= B A B AYA — AYB A A: A A B — QUA_UB
(m, +my) m, m,

In this case also the velocity of heavier body doesn’t change whereas the velocity of lighter body
changes depending on their initial velocities.

Case I11: When two equal sized bodies strike each other,
Uy Up

Then ma = mg,
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sm, -my =0
Sm,+mp =m, +m, =2m,
And also,
Somy +my =mg +my =2my
Now, v, = = = Uy
(m, +myg) omy
VU, =Uyg
. (mp —m, )uz+2m,u 0+2m,u
Agaln, VB: B A’%B ATA _ AZA _ A

(m, +my) om,

It means the velocities of two bodies are exchanged.



